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differed between NMDA and KA (Fig. 3c, d), and in individual 
spinal cord neurones KA-evoked increases in [Ca 3+ ]i were 
always much smaller than those evoked by NMDA. These 
experiments suggest that Na + is a poor trigger for inducing an 
increase in [Ca 2+ ] b since in several neurones the inward (Na + ) 
current activated by KA produced no detectable arsenazo III 
signal. However, our results do not exclude the possibility that 
Ca 2+ influx through ion channels activated by NMDA triggers 
release of Ca 2+ from intracellular stores 27 , contributing further 
to the NMDA-evoked arsenazo III signals reported here. 
Although the present results suggest a high Ca 2+ permeability 
of NMDA-receptor-activated channels (Fig. 3), the net flux of 
monovalent cations (that is, conductance) decreases in the pres- 
ence of Ca 2+ . This reflects interactions between permeant ions 
within the channel with Ca 2+ acting as both a permeant ion and 
as a blocker of monovalent cation flux 25,26,28 . 

The experiments reported here provide evidence for an 
agonist-triggered increase in [Ca 2+ ]i in mammalian spinal cord 
neurones. Previously, ion-sensitive microelectrodes were used 
to measure changes in intracellular ionic activity triggered by 
excitatory amino acids in frog motoneurones 9 . The latter experi- 
ments suggested an increase in both [Na + ]i and [Ca 2+ ]i during 
perfusion with L-glutamate but the results were difficult to 
interpret clearly as (1) neurones were not voltage-clamped and 
thus it is difficult to separate the relative contributions of Ca 2+ 
influx via voltage-dependent calcium channels and agonist-acti- 
vated channels, and (2) L-glutamate is a mixed agonist that acts 
at multiple subtypes of excitatory amino-acid receptor 2,6,7 . 

The response to NMDA-receptor activation thus provides a 
second source of calcium flux, distinct from that resulting from 
conventional voltage-dependent calcium channels, which may 
have important long-term effects on excitability. Our rinding 
that the ion channels linked to the NMDA receptor subtype are 
more permeable to Ca 2+ than those linked to KA receptors, has 
implications for the role of excitatory amino-acid receptors in 
CNS function. It is possible that Ca 2+ influx activated by NMDA 
receptors underlies the synaptic plasticity generating long-term 
potentiation, as the latter is prevented by intracellular injection 
of EGTA to chelate Ca 2+ (ref. 29), or by blocking NMDA 
receptors with selective antagonists 30 . For example, Ca 2+ influx 
localized at transmitter-operated ion channels could have a role 
in organizing and regulating postsynaptic structures in an 
appropriate spatial relation to transmitter-releasing presynaptic 
terminal boutons, and it is important to consider that Ca 2 * influx 
occurring at NMDA receptors located on dendritic spines might 
produce an especially large but localized elevation in intracel- 
lular Ca 2+ concentration, due to restriction of Ca 2+ diffusion 
along the narrow shaft of the spine. In addition, our results 
have some bearing on the mechanisms of desensitization of 
NMDA receptors, as the link that has been demonstrated 
between [Ca 2+ ]j and desensitization of nicotinic receptors at the 
neuromuscular junction 31,32 may occur also for other receptor- 
ionophore complexes. Thus our results may help to explain the 
similar desensitization evoked by either large doses of NMDA 
or depolarizing voltage jumps 7 , which trigger Ca 2+ entry through 
NMDA channels and voltage-dependent calcium channels, 
respectively. 
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FRl and N-terminal two-thirds of FR3 form the other /3-sheet 
which is exposed to solvent (Fig! lc). 

The gene encoding the HuY NP domain was constructed by 
gene synthesis (Fig. 2b). We then constructed a plasmid, pSV- 
HuV N pHe, in which the HuV NP domain is linked to a human e 
constant region, and cloned into a pSV2gpt-derived vector 14 . 
The plasmid DNA was introduced into cells of the J558L mouse 
myeloma by spheroplast fusion. J558L secretes Al light chains, 
which have been shown to associate with heavy chains contain- 
ing a MV NP variable domain, to create a binding site for NP-cap 
or the related hapten NIP-cap (3-iodo-4-hydroxy-5-nitrophehyl- 
acetyl caproic acid) 7 . As the plasmid pSV-HuV NP Hfe contains 
the gpt marker (encoding guanine phosphoribosyltransferase), 
stably transfected myeloma cells could be selected in medium 
containing mycophenolic acid 14 ; transfectants would be ex. 
pe'cted to secrete an antibody (HuV NP -IgE) with a heavy chain 
composed of a HuV NP variable domain and human e constant 
regions, and the Al light chain of the J558L myeloma. The 
culture supernatants of several gpt + clones were assayed by 
radioimmunoassay and found to contain NIP-cap-bindihg anti- 
body. The antibody secreted by one such clone was purified 
from the culture supernatant by affinity chromatography on 
NIP-cap-Sepharose, and by SDS-polyacrylamide gel electro- 
phoresis the protein was indistinguishable from the mouse 
chimaeric MV NP -IgE (ref. 12) (results not shown). The HuV NP - 
IgE antibody competes effectively with MV NP -IgE for binding 
to both anti-human e (Fig. 3a) and NIP-cap coupled to bovine 
serum albumin (NIP-BSA) (Fig. 3b). 

The affinities of HuV NP -IgE for NP-cap ah<i NIP-cap were 
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Fig. 2 a, Amino-acid sequence of the V H domain of the human myeloma 
protein NEWM compared with that of the mouse Bl-8 (anti-NP) antibody, 
and divided into FRs and CDRs according to Kabat et al 4 . Conserved 
residues are marked with a line above and below the residue. 6, Amino-acid 
and nucleotide sequence of the Hu V NP gene, in which the CDRs from the 
V H domain of the mouse Bl-8 antibody alternate with the FRs of human 
NEWM protein. The gene was constructed by replacing a section of the 
MV NP gene in the vector pSV-V NP (ref. 12) with a synthetic fragment 
encoding the HuV^p domain. Thus the 5' and 3' noncoding sequences, the 
leader sequence, the leader-variable region intron, five N-termtnal and four 
C-terminal amino acids are derived from the MV NP gene; the' rest of the 
coding sequence is derived from the synthetic HuV NP fragment. The oligonu- 
cleotides are aligned with the corresponding portions of the HuV NP gene. 
For convenience in cloning, the ends of oligonucleotides 25 and 26b form 
a HmdII site followed by a Hmdlll site, and the sequences of the 25/26b 
oligonucleotides therefore differ from the HuV NP gene. 
Methods. The synthetic gene for HuV NP was constructed as a Pstl-HindlU 
fragment. The nucleotide sequence was derived from the protein sequence 
using the computer program ANALYSEQ 26 with optimal codon usage taken 
from the sequences of mouse constant-region genes. The oligonucleotides used in synthesis (l-26b, 28 in total) vary in size from 14 to 59 bases and were made 
on a Biosearch SAM or an Applied Biosystems machine, and purified on 8 M urea/polyacrylamide gels 7 . The oligonucleotides were assembled in eight single-stranded 
blocks (A-D and A'- D') containing oligonucleotides 1, 3, 5 and 7 (block A), 2, 4, 6 and 8 (block A'), 9, 11, 13a and 13b (block B), 10a, 10b and 12/14 (block 
B'), 15 and 17 (block C), 16 and 18 (block C'j, 19, 21, 23 and 25 (block D), and 20, 22/24, 26a and 26b (block D'). In a typical assembly, for example of block 
A, 50 pmol of oligonucleotides 1, 3, 5 and 7 were phosphorylated at the 5' end with T 4 polynucleotide kinase and mixed with 5 pmol of the terminal oligonucleotide 
which had been phosphorylated with 5 ^Ci of [y- 32 P]ATP (Amersham; 3,000 Ci mraol ). These oligonucleotides were annealed by heating to 80 °C and cooling 
to room temperature over 30 min with unkinased oligonucleotides 2, 4 and 6 as splints in 150 p.1 of 50 mM Tris-HCl pH 7.5, 10 mM MgCl 2 . For the ligation, ATP 
(1 mM) and dithipthreitol (10 mM) were added, together with 50 units of T 4 DNA ligase (Anglian Biotechnology Ltd), and the mixture was incubated for 30 min 
at room temperature. EDTA was added to 10 mM, the sample extracted with phenol, precipitated from ethanol, dissolved in 20 pA of water and boiled for 1 min 
with an equal volume of formamide dyes. Then the sample was loaded onto a thin (0.3 mm) 8 M urea/ 10% polyacrylamide gel 27 and a band of the expected size 
detected by autoradiography and eluted by soaking. The two full-length single strands were assembled from A-D and A'-D' using splint oligonucleotides; thus, 
A-D were annealed and ligated in 30 *il as above with 100 pmol each of oligonucleotides 10a, 16 and 20 as splints, then incubated overnight (A'-D' were constructed 
with oligonucleotides 7, 13b and 17 as splints). After phenol/ether extraction blocks A-D were annealed with blocks A'-D', small amounts were cloned in the 
vector M 13 mp 18 (ref. 28) then cut with Pstl and HmdIII, and the gene sequenced by the dideoxy technique 29 . The MV NP gene was transferred as a Hindi U-BamHl 
fragment from the vector pSV-V NP (ref. 12) to the vector M13mp8 (ref. 30). To facilitate the replacement of MV NP coding sequences by the synthetic HuV NP 
fragment, three HVndll sites were removed from the 5' noncoding sequence by site-directed mutagenesis, and a new H/ndll site subsequently 'introduced hear the 
end of FR4. By cutting the vector with Pstl and HmdII, most of the V NP coding sequence falls out and the synthetic fragment could be introduced as ';a Pst I- Hin dll 
fragment. The sequence at the HmdII site was corrected to give NEWM FR4 by site-directed mutagenesis. The HmdIII- Bam HI fragment, now carrying the 
HuV NP gene, was excised from M13 and cloned back into pSV-V NP to replace the MV NP gene (and yield the vector pSV-HuV NP ). Finally, the heavy-chain constant 
domains of human IgE (ref. 31) were introduced as a BamHl fragment to yield the vector pSV-HuV NP H„ which was transfected into the myeloma l line J558L by 
spheroplast fusion. The sequence of the HuV NP gene in pSV-HuV NP He was checked by re-cloning the //mdll I- Bqm HI fragment back into M13mp8 (ref. 30). 



Table l Affinity of HuV NP -IgE and MV NP -IgE for the haptens 
NP-cap and NIP-cap 





^NP-cap (P-M) 


^NIP-cap (P*M) 


MV NP -IgE 


1.2 ±0.1 


0.02 ±6.01 


HuV NP -IgE 


1.9 ±0.2 


0.07 ±0.02 



The affinity of HuV NP -IgE and MV NP -IgE for NP-cap was determined 
by fluorescence quenching with excitation at 295 nm and emission 
observed at 340 nm (ref. 22). Antibody solutions were diluted to 100 nM 
in phosphate-buffered saline, filterea* (0.45 u-m-pore cellulose acetate) 
and titrated with NP-cap in the range 0.2-20 u,M. As a control, the 
mouse Dl-3 antibody 23 , which does not bind hapten, was titrated in 
parallel. A decrease in the ratio of the fluorescence of HuV NP -IgE or 
MV NP -Ig£ (as appropriate) to that of the Dl-3 antibody was taken as 
being proportional to NP-cap occupancy of the antigen-binding sites. 
The maximum quench was -40% for both HuV NP -IgE and MV NP -IgE, 
and hapten dissociation constants were determined from least-squares 
fits of triplicate data sets to a hyperbola. The concentration of NIP-cap 
was varied from 10 to 300 nM, and —50% quenching of fluorescence 
was observed at saturation. As the antibody concentrations were compar- 
able to the values of the dissociation constants, data were fitted by 
least-squares to an equation 24 describing tight binding inhibition. 



then measured directly using the fluorescence quench technique, 
and compared with those of MV NP -IgE (Table 1). The antibodies 
HuV NP -IgE and MV^p-IgE have similar affinities for either 
hapten (NP-cap or NIP-cap), and although the affinity, of 
HuVNp-IgE for both haptens is slightly lower than that of MV NP - 
IgE (2-3-fold, 0.3-0.6 kcal moP 1 ), the difference in affinity is 
less than expected for loss of either a hydrogen bond or van 
der Waals* contact from the active site of an enzyme 15,16 . Thus, 
it seems that binding affinity and specificity for hapten can be 
conferred on a human antibody by grafting in the CDRs from 
an appropriate mouse antibody. ; 

Is this result likely to be general? This would assume (1) that 
antigen usually binds to the CDRs, and any contacts to the FRs 
are made to the polypeptide backbone or to conserved side 
chains, and (2) that substitutions in the FRs do not usually 
affect the conformation of the CDR loops. These assumptions 
seem reasonable: thus, in the structure of a complex of the Dl-3 
antibody with lysozyme (R. A. Mariuzza, S. Phillips and R. J. 
Poljak, personal communication) most contacts to the lysozyme 
are made by the CDRs, but there is also a hydrogen bond in 
FR1 of the V H domain from the jS-OH of Thr 30 (often conserved 
or replaced by Ser). Similarly, the conformation of CDR loops 
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Fig. 3 Comparison of HuV NP and MV NP IgEs in binding 
inhibition assays. Various concentrations of HuV NP -IgE 
(•) and MV NP -IgE (O) were used to compete the binding 
of radiolabeled MV NP -IgE to polyvinyl microtitre plates 
that had been coated with a, sheep anti-human e antiserum 
(Seward Laboratory); 6, (NIP-cap) 2 4-BSA; c, Ac38 anti- 
idiotypic antibody; 4 Ac 146 anti-idiotypic antibody; e, 
rabbit anti-MV NP antiserum. Binding was also carried out 
in the presence of MV NP -IgM antibody JW1/2/2 (ref. 32) 
(H) as well as in the presence of JW5/1/2 (□), which is 
an IgM antibody that differs from J Wl/ 2/2 at 13 residues 
mainly located , in CDR2 (M.S.N., . unpublished 
results). Values of binding are relative to the binding in 
'* the absence of inhibitor. , 
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applications, it does suggest that the recognition of the hapten 
and of anti-idiotypic ^antibodies is not equivalent. Thus the 
HuV NP JgE antibody ? retains- hapten binding but has lost 
idiotypic determinants, indicating that the immunoglobulin uses 
different sites to. bind hapten and anti-idiotypic antibodies. It 
appears, therefore i that both FR and CDR side chains form the 
binding site for these anti-idiotopes, but mainly CDR side chains 
interact with hapten. ; . ; -\* : " 
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Insulin is a polypeptide hormone of major physiological import- 
ance in the regulation of fuel homeostasis in animals (reviewed in 
refs 1, 2). It is synthesized by the /3- cells of pancreatic islets, and 
circulating insulin levels are regulated by several small molecules, 
notably glucose, amino acids, fatty acids and certain pharmacologi- 
cal agents. Insulin consists of two polypeptide chains (A and B, 
linked by disulphide bonds) that are derived from the proteolytic 
cleavage of proinsulin, generating equimolar amounts of the 
mature insulin and a connecting peptide (C-peptide). Humans, like 
most vertebrates, contain one proinsulin gene , although several 
species, including mice 5 and rats 6,7 , have two highly homologous 
insulin genes. We have studied the regulation of serum insulin 
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